To identify risk factors for postpartum FI and UI.
INTRODUCTION
Anal sphincter tear at the time of vaginal delivery is a major cause of fecal incontinence (FI) in young women (1) (2) (3) . Prior studies by our group (4) and others have demonstrated that the occurrence of a sphincter tear approximately doubles the risk of FI 6 months after delivery. While sphincter tear is a strong risk factor for FI, only a minority of women who sustain sphincter tears report FI, possibly because of successful repair or other protective factors. Conversely, those who deliver vaginally without a tear, and even those who deliver by cesarean section prior to labor, are not completely protected from the development of new FI symptoms (4) (5) (6) . Incident FI in such cases is presumably because of either occult lacerations or anatomic and/or physiologic changes that occur during pregnancy and delivery. Thus, sphincter tear is not inevitably coupled with FI and it is important to understand other variables that may increase the risk of FI associated with vaginal delivery.
We previously reported that in a cohort of primiparous women participating in the Childbirth and Pelvic Symptoms (CAPS) study, FI symptoms were significantly more common after vaginal delivery with anal sphincter tear than after vaginal delivery without sphincter tear or after cesarean delivery prior to labor (17%, 8%, and 8%, respectively) (4). However, urinary incontinence (UI) symptoms were not significantly different across the three groups, affecting 22-34% of women 6 months postpartum. The objective of this secondary analysis of data from the CAPS study was to determine which women were at highest risk for FI and UI 6 months 1999 postpartum, and whether any maternal or obstetrical characteristics modify the effect of sphincter tear. Through this research we hoped to identify characteristics of women for whom interventions to prevent or ameliorate symptoms might be indicated.
MATERIALS AND METHODS
The CAPS study was performed by the Pelvic Floor Disorders Network (PFDN), a cooperative agreement network funded by the National Institute of Child Health and Human Development (NICHD). Subjects were enrolled from the seven PFDN clinical sites listed in the Appendix. Each clinical site and the data coordinating center received Institutional Review Board approval for the protocol and all participants provided written informed consent. Details of the study methodology are described elsewhere (4).
Participants and Recruitment
Primiparous women hospitalized between September 2002 and September 2004 were approached after delivery for enrollment into one of the three cohorts. The first cohort included women with clinically recognized anal sphincter tear (i.e., 3rd or 4th degree perineal tear) and repaired at the time of delivery (sphincter tear group). This group included women with or without episiotomy. The second cohort was a control group that included women who delivered vaginally without a clinically recognized anal sphincter tear (vaginal control group); these women may have had a 1st or 2nd degree perineal tear or nonextending episiotomy. The final cohort was a second control group that included women who underwent a cesarean delivery without labor (cesarean control group).
Inclusion criteria included singleton delivery, ≥37 wk gestation, and ability to participate in telephone interviews. Exclusion criteria were inflammatory bowel disease, selfreported prepregnancy FI or ano-rectal surgery, and neurological conditions predisposing to UI or FI.
Procedures and Measurement
Participants were interviewed while still in the hospital to document demographic information and history of UI before or during pregnancy using the following questions: "During your pregnancy, how often did you experience any amount of accidental urine loss?" and "Before you became pregnant, how often did you experience any amount of accidental urine loss?" Response options for both questions were "never," "rarely," "sometimes," or "often." Patients who responded "sometimes" or "often" were defined as having experienced UI during these periods. At 6 wk and 6 months postpartum, participants were interviewed by telephone to assess symptoms of FI and UI using validated questionnaires.
FI was assessed with the Fecal Incontinence Severity Index (FISI) (7) , which assesses the frequency of four symptoms (incontinence of gas, mucus, liquid stool, and solid stool). Presence of FI was defined as any involuntary leakage of mucus, liquid stool, or solid stool on the FISI. Subjects with only flatal incontinence were not considered to have FI. The FISI total score summarizes the type and frequency of fecal loss, and is computed from all four components, including gas. Therefore, in this paper the definition of FI does not include gas; but the FISI score does include gas in its computation.
UI symptoms were assessed using the Medical, Epidemiological, and Social Aspects of Aging (MESA) questionnaire (8) . Presence of UI was defined by a response of "sometimes" or "often" to any of the MESA questions. The MESA score is the average of the responses to all the MESA items, rescaled to range from 0-100.
Data Analysis
Our primary objective was to identify risk factors associated with FI and UI at 6 months postpartum for each cohort (sphincter tear, vaginal control, and cesarean control) separately. In doing so, we conducted separate analyses representing the dependent variables (FI and UI) as dichotomous (presence of FI/UI defined previously in the methods) and continuous (FISI and MESA total scores) outcomes.
A priori, we identified the following independent variables for exploration in each cohort analysis: demographic variables (age, race, education, marital status), predelivery body mass index (BMI), fetal characteristics (head circumference, birth weight), and history of UI before or during pregnancy. For the sphincter tear and vaginal control group analyses, we also examined the following obstetrical variables: duration of second stage labor, labor augmentation, type of analgesia, use of forceps or vacuum, shoulder dystocia, episiotomy, and perineal laceration. Additionally, the sphincter tear group analyses considered degree of perineal laceration (3rd vs 4th); however, technical details of the sphincter repair were not explored as they were inconsistently reported in the medical record. Independent variables specific to the cesarean delivery group analyses included type of analgesia and the indication for cesarean delivery.
We first performed all-possible subsets regression for each dependent variable and cohort (as described above), including all potential risk variables (excluding a few with large numbers of missing values). All-possible subsets regression identifies sets of variables that best explain the dependent variable with one, two, three, etc., independent variables in the model. This enables the analyst to identify all the variables that might contribute to a final model or, conversely, to eliminate variables that clearly would not be part of the final model. This process is appropriate both when the dependent variable is continuous or discrete, since the purpose is not to estimate the coefficients, but only to identify potential multivariate associations.
Next, we conducted stepwise forward and backward logistic regression with the dependent variable defined as the presence/absence of FI or UI. To determine if severity of symptoms confirmed or changed the observed associations, we repeated the stepwise forward and backward regression using the FISI or MESA total score as the dependent variable.
The regression analyses included the best subset of independent variables representative of the three cohorts that obtained a level of statistical significance <0.05.
Based on the results of the all-possible subsets regression, the following independent variables were included in the stepwise regression analyses for all three cohorts: age, race, history of UI during pregnancy, predelivery BMI, and infant head circumference. Other variables specific to within-cohort analyses were duration of second stage of labor (sphincter tear and vaginal control), tear grade (sphincter tear), and reasons for cesarean delivery, including breech or malpresentation and other abnormality (cesarean control). Because values for infant head circumference and duration of second stage labor were missing for many cases, these two variables were added into the regression analysis after the final model was determined. The same set of variables was used for the analyses of FI as a dichotomous variable (presence or absence by FISI) and as a continuous variable (FISI score).
Our secondary aim was to determine risk factors for FI and UI regardless of delivery route or presence of sphincter laceration. We performed similar analyses as described previously but with data collapsed across the cohorts. For these analyses, we explored only the independent variables common across the three cohorts, a variable to differentiate between the vaginal tear and vaginal control cohorts, and a variable to differentiate between the cesarean control and vaginal control cohorts.
Sample Size
The two larger cohorts (sphincter tear and vaginal control) each had approximately 320 observations and the cesarean control had approximately 100 observations. Therefore, in the larger cohorts there is 80% power to identify independent variables that have a correlation of 0.16 with the dependent outcome measure using a 2-tailed test at a 5% level of significance and 90% power to identify a correlation of 0.18. In the smallest cohort there is 80% (90%) power to identify independent variables that have a correlation of 0.28 (0.32). 
RESULTS

Characteristics of Participants
Of the 921 women who participated in the CAPS study, 759 (82%) completed interviews at 6 months: 335 in the sphincter tear group, 319 in the vaginal control group, and 105 in the cesarean control group. The analysis is based on data from the 759 women who completed the 6-month interview. Descriptive characteristics of the women are presented by cohort in Table 1 .
Postpartum FI
Within the sphincter tear cohort, the presence of FI at 6 months was associated with white race, antenatal UI, 4th versus 3rd degree sphincter tear, older age at time of delivery, and higher BMI ( Table 2 ). When duration of second stage of labor was added to the model, it was significantly associated with FI and tear grade became nonsignificant. When the FISI score was used as the outcome, the associations did not differ from those found for FI.
In the vaginal control group, the only independent variable that approached statistical significance for the presence of FI was a history of UI during pregnancy. Using the FISI score as the outcome supported this finding (P < 0.001). There were very few cases of FI in the cesarean control cohort and no variables were found to be associated with the presence of FI.
With data from the three cohorts combined, the presence of FI was found to be associated with experiencing a 3rd or 4th degree sphincter tear, being older at the time of delivery, having a higher predelivery BMI, and antenatal UI ( Table 2 ). The regression analysis performed using the FISI score as the outcome, confirmed results found with the presence of FI across all cohorts, as well as of the individual cohort analyses.
Postpartum UI
Because there were no significant cohort effects for UI prevalence at 6 months postpartum in the parent study, there was no justification for examining the risk factors for UI within the cohorts separately, as was done for FI. Therefore, the analyses presented below were conducted with the combined sample, controlling for cohort. Based on the results of the all-possible subsets regression, the following independent variables were included in the stepwise regression analyses: education, history of UI during pregnancy, predelivery BMI, and cohort. We used the same set of variables in the analyses regardless of whether UI was analyzed as a dichotomous (presence or absence by MESA) or as a continuous (MESA score) variable.
Across all groups, the presence of postpartum UI was associated with antenatal UI, no college education, and higher predelivery BMI, while cesarean delivery before labor was protective ( Table 2 ). The regression analysis performed using the MESA score yielded the same associations.
DISCUSSION
While many studies have evaluated risk factors for anal sphincter tear, few have addressed risk factors for FI and UI amongst women once they have sustained a tear. By studying this, we hoped to identify factors that would be useful in clinical care and drive future prospective research. The analyses and risk factors for postpartum FI and UI differed and are discussed separately below.
Fecal Incontinence
In the group of women who sustained a sphincter tear, FI was associated with white race, antenatal UI, 4th versus 3rd degree tear, older age at time of delivery, and higher predelivery BMI. We found no factors associated with FI in either the vaginal control or the cesarean control group. This was not surprising, as the prevalence of FI in these groups was very low.
Earlier obstetric surveys suggested that the risk of sphincter tear during delivery is greater in whites than in blacks and lower in whites than in Asians (9) . These reports were corroborated and extended in the present study. After recruiting vaginal controls in a manner that insured they would be representative of all women in these clinics who delivered without sustaining a 3rd or 4th degree sphincter tear, women in the vaginal control group were more likely to be black (24.4%) than women in the sphincter tear group (15.4%) (see Table 1 ). While this association between race and the risk of sphincter tear has been reported previously (10) , the new finding is our observation that white women with sphincter tears were more likely to develop FI than were black women with sphincter tears. Further studies are needed to identify the physiological or anatomical basis for this difference.
While age has previously been identified as a significant risk factor for FI in population-based studies (9), the assumption has been that age-associated changes in risk are limited to women over the age of 40 (9, 11, 12) . This is the first study to show that age is associated with increased risk of FI in women who are young enough to be bearing their first child. Previous research has reported that older age at delivery is associated with a higher rate of obstetrical complications (13) , indicating that the association between age at delivery and FI may be mediated by one or more of these other complications.
BMI has been identified as a significant risk factor for FI in population-based and clinic-based studies (11, 14) . However, in this study of postpartum women, BMI was correlated with FI in the sphincter tear group only, and not in the vaginal control or cesarean control groups. This suggests an interaction between BMI and a pelvic floor weakened by sphincter tear. Because obesity is associated with increases in intraabdominal pressure (15) , it is possible that the mechanical load of increased body weight pressing on the pelvic floor may contribute to breakdown of the sphincter repair performed at the time of delivery in these women. Prospective studies are needed to determine whether BMI is associated with progressively deteriorating anal canal squeeze pressures or morphological evidence of sphincter disruption following sphincter repair.
Urinary Incontinence
The risk factors identified for postpartum UI were antenatal UI, not having a college education, and higher predelivery BMI. Similar to most other studies of postpartum UI in primiparous women (16, 17) , we also found a significantly lower prevalence of UI in women undergoing cesarean delivery. The association between BMI and postpartum UI is also consistent with previous research (18) . Previous studies have reported an increase in UI prevalence during pregnancy and following delivery (19) . But, it is unclear whether the mechanisms responsible for the increased frequency of UI during pregnancy are the same as those responsible for postpartum UI. However, it is well established that the presence of UI during pregnancy identifies women who are at greater risk for postpartum UI (20, 21) .
We were interested to see that antenatal UI was also an independent risk factor for postpartum FI in women who sustained an anal sphincter laceration. Previous reports have identified UI as a risk factor for FI (9, 11) , but our report is unique in that it shows that UI during pregnancy is a risk factor for postpartum FI. Antenatal UI may prove to be an important clinical marker of pelvic floor function. It is possible that selfreported antenatal UI identifies women with weak pelvic floor muscles before delivery, but we have no data on pelvic floor muscle strength in these women prior to delivery to confirm this mechanistic hypothesis. If prospective studies confirm that UI during pregnancy identifies women with weak pelvic floor muscles, this group of women could be targeted for pelvic floor exercises or biofeedback to ameliorate their risk of postpartum fecal or UI.
One limitation of this study is that the data are based on self-report, and it is possible, that women who report that they leaked urine during pregnancy are simply more likely to report symptoms in general. While recall bias may affect rates of antenatal UI in this study, we asked this question of subjects during their immediate postpartum hospitalization and see no reason that women would answer the question differently according to how they delivered. We excluded from this study the few women who reported antenatal FI, so we cannot comment on the relationship of this symptom to subsequent symptoms.
Another limitation of the study is that the FISI, which was used to determine presence of FI symptoms, was validated originally in an older, nonobstetric population, and its validity has not yet been established in younger postpartum women. In addition, the 6-month follow-up does not allow conclusions about the relationship between these observed risk factors and long-term continence status.
In summary, while women who sustain an anal sphincter tear are more likely to have postpartum FI, we found few modifiable risk factors that were associated with either postpartum UI or FI. Antenatal UI may be a marker for poor pelvic floor function, which could potentially improve with directed therapy, such as pelvic floor muscle strengthening. Given the strength and consistency of the association between antenatal UI and postpartum FI and UI, future prospective research is indicated to determine whether identification and intervention decrease future morbidity.
